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gives the derivative 6T/6p its most important correct properties. The term Tw is shown to give the kinetic energy of the Kshell, whereas the term (CfN'13)To gives an incorrect statistical estimate of that energy. An alternative correction -(C/N1/3)T gives even better results.
For the ground state of an atom or molecule, the HohenbergKohn theory (1) states that the electronic kinetic energy T is a universal functional of the spinless single particle density p(l). Unfortunately, the explicit form of T[p] is not known.
The classic approximation to T[p] for an atom is given by the Thomas-Fermi formula, To[p] = CFfp5/3d1, [1] where CF = (3/10)(3ir2)2/3 = 2.8712. This formula is fairly though not highly accurate; if actual-Hartree-Fock atomic densities are inserted in [1] , the resulting kinetic energies are too low by 5-10% (2) . The complete Thomas-Fermi theory itself leads to the numerical prediction, for neutral atoms, To(Z) = 0.7687 Z7/3, [2] where Z is the nuclear charge (for example, see ref.
3). Lieb and Simon have proved rigorously that this formula is correct in the limit of infinite Z (4, 5) . Nevertheless, a fit of many atoms gives T = 0.6127 Z7/3 (6). The Z7/3 dependence is confirmed, but for actual atoms the multiplicative factor is changed. The error is about 5%. A correction to the approximation of [1] [4] badly overestimates the kinetic energy (8) . An interesting development of [4] starting from the Hartree-Fock description has been given by Macke (refs, 9 and-10; see also ref. 11).
Because [1] is correct for a uniform electron gas, it is natural to develop corrections to it from linear response theory and related considerations, determining additional terms appropriate when small gradients in p exist. That is the gradient expansion method (12, 13 (8) . Equation [5] is nevertheless not a truly satisfactory functional. T6 diverges for atoms, and, more important, the functional derivative bT/6p implied by [5] is incorrect (14) .
THE FUNCTIONAL Indeed, it is the necessary properties of 6T/6p which are the key to finding a better kinetic energy functional for atoms and molecules.
It is clear from arguments already given in large part by Goodisman (15) [8] 6978
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Proc. Nati. Acad. Sci. USA 77 (1980) 6979 and approximately, [9] where C is a constant. In this paper we present extensive numerical data elucidating y(NZ) and establishing the accuracy of [9] . We give a quantitative physical argument supporting the precise form of the correction embodied in [9] . We also display and discuss implications regarding the functional derivatives bT/5p, and we make an interesting discovery concerning the Weizsacker term Tw.
Note that, in [8] and [9] , T is represented as the Weizsacker term plus a correction, in contrast with [4] and [5] , in which T is represented as the Thomas-Fermi term plus corrections. Support for the new emphasis is provided by a recent analysis of the kinetic energy, in which it was shown that decomposition of T into Tw plus a correction term is natural from the point of view of-information theory (19) .
RESULTS
Following the strategy of the earlier work from this laboratory on testing the gradient expansion of [5] (2, 8, 20), we explore [8] and [9] by employing accurate electron densities for atoms, obtained by solving the "average-energy-of-the-configuration" Hartree-Fock equations (21, 22) . [10]
The coefficient 1.332 is the average over all species except those with N = 1, with weights equal to one except for the N = 54, N = 86, and N = 118 species, which were respectively assigned weights 
DISCUSSION
We conclude that [9] well represents data for atoms and ions. For neutral atoms, C = 1.412 + 0.033; for atoms and ions, C = 1.332 + 0.053.
Much more can be said about [9] , however. Not only does it give bT/6p highly desirable, correct properties, but also the correction factor -C/N1'3 has a precise physical 'rationalization.
First, concerning the implications for bT/6p, the unit coefficient of Tw assures that a density obtained from a corresponding Euler equation will have the correct long-range behavior'p exp(_2x/-21r) and also the correct nuclear-cusp = f tpd-r, and Tw similarly in terms of a kernel tw, then t > tw at the nucleus, and the functional [9] Fig. 3 shows t as computed from [8] hibiting the same shell structure. A corresponding approximate t developed from [5] is less satisfactory (23, 24) . Now let us discuss the correction term in [9] , the term -(C/N1/3)To [p] . To understand it, first consider the term that displaces it, Tw[p]. Table 1 gives TW[p] for neutral atoms, and also the total K shell kinetic energy TW[PK]. The two quantities are close to the same. This result conclusively indentifies Tw as representing the kinetic energy of the two electrons in the K core, whatever the atom. That the Thomas-Fermi correction of order Z2 somehow comes from "the core" has long been known (4, 5, 25) , but our observation is much more precise. The argument is completed by noting, following Schwinger (26) , that the fraction of To that should be excluded is that part of it due to these electrons. Schwinger's formula for this energy increment, from equation (25) of his paper, is n'Z2, where n' is the effective number of electrons involved, which is (n'/ 0.7687 N'/3) times the Thomas-Fermi To. Equating this ratio to C/N1'3, with C 1.3 as implied by [10] [9] , that is, of correcting [4] [15] where C' is a constant. The correct cusp is lost, which makes [15] less desirable than [9] as a progenitor for an Euler equation. But the numerical accuracy of [15] in fact surpasses that of [9] . For neutral atoms one finds C = 1.332 ± 0.023, corresponding to errors in predicted T ranging from 1.8% for N =2 to 0.5% for N = 86. Fig. 4 shows this remarkable fit.
Further insight and confidence is provided when one considers the spin-density extension of our proposed functional. 
